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Introduction {#jah32217-sec-0004}
============

Fever is a common phenomenon in patients with acute myocardial infarction (AMI). These fevers often increase by more than 1°C, on average, as early as 4 to 8 hours after infarction onset, and they usually resolve by the fourth to fifth day.[1](#jah32217-bib-0001){ref-type="ref"} Postinfarct fever has been recognized as a nonspecific response to wide myocardial damage because it is associated with elevated serum levels of myocardial enzymes and C‐reactive protein.[2](#jah32217-bib-0002){ref-type="ref"}, [3](#jah32217-bib-0003){ref-type="ref"} However, recent observational studies found that postinfarct fever is an independent predictor of adverse clinical outcomes[4](#jah32217-bib-0004){ref-type="ref"} and infarct size, as assessed by cardiac enzyme levels or echocardiography, in patients with ST‐elevation myocardial infarction (STEMI).[5](#jah32217-bib-0005){ref-type="ref"}, [6](#jah32217-bib-0006){ref-type="ref"} Although previous studies showed a relationship between postinfarct fever, infarct size, and subsequent adverse clinical outcomes, the causality and pathological mechanisms underlying these associations remain poorly understood.[4](#jah32217-bib-0004){ref-type="ref"} Cardiovascular magnetic resonance imaging (CMR) could precisely assess the extent of myocardial injury and salvaged myocardium, providing improved insight into the effects of postinfarct fever in STEMI patients.[7](#jah32217-bib-0007){ref-type="ref"}, [8](#jah32217-bib-0008){ref-type="ref"} Therefore, we evaluated the association between postinfarct fever and myocardial injury assessed by CMR in STEMI patients undergoing primary percutaneous coronary intervention (PCI).

Methods {#jah32217-sec-0005}
=======

Study Population {#jah32217-sec-0006}
----------------

The study population consisted of patients on the Acute Myocardial Infarction--Cine Magnetic Resonance imaging registry at Samsung Medical Center in Seoul, Korea, from December 2007 to July 2014 (n=645). Of these, we only included patients with STEMI and excluded patients with the following: (1) previous coronary artery bypass grafting; (2) history of cardiogenic shock or cardiopulmonary resuscitation; (3) patients received reperfusion therapy over 12 hours from symptom onset; (4) insufficient information regarding symptom onset time; (5) patients had possible documented evidence of infection; and (6) patients with poor‐quality CMR data for analysis (Figure [1](#jah32217-fig-0001){ref-type="fig"}). To exclude infection in the present study, when body temperature (BT) was over 37.5°C, patients underwent physical examination and urinalysis, urine culture, white blood cell count, C‐reactive protein, erythrocyte sedimentation rate, procalcitonin, 3 pairs of blood culture, and indicated imaging studies, such as chest radiography or abdominal ultrasound, were obtained. If any results were positive, the patient was excluded (Figure [1](#jah32217-fig-0001){ref-type="fig"}). Finally, a total of 276 patients were included in this study and divided into 2 groups according to the presence of fever (Figure [1](#jah32217-fig-0001){ref-type="fig"}). The institutional review board of Samsung Medical Center approved this study, and all subjects provided written informed consent to participate in this study.

![Schematic of study cohort selection. BT indicates body temperature; CABG, coronary artery bypass grafting; CMR, cardiac magnetic resonance imaging; MI, myocardial infarction; NSTEMI, non‐ST‐segment elevation myocardial infarction; PCI, percutaneous coronary infarction; STEMI,ST‐segment elevation myocardial infarction.](JAH3-6-e005687-g001){#jah32217-fig-0001}

Fever and Body Temperature Measurement {#jah32217-sec-0007}
--------------------------------------

BT was measured every 6 hours from time of admission for 4 days using an infrared ear thermometer. If BT was above 37.5°C, axillary BT was measured again using a mercury thermometer. Peak BT was defined as the highest value within 4 days after primary PCI and fever was defined as peak axillary BT more than 37.7°C.[9](#jah32217-bib-0009){ref-type="ref"}, [10](#jah32217-bib-0010){ref-type="ref"} Patients were divided into 2 groups according to the presence of fever within 4 days after the index procedure. The Fever group had BT ≥37.7°C, and the no‐Fever group had \<37.7°C.[4](#jah32217-bib-0004){ref-type="ref"}, [5](#jah32217-bib-0005){ref-type="ref"}

Study Outcomes {#jah32217-sec-0008}
--------------

The primary outcome was myocardial infarct size (% of left ventricle or ‐cular \[LV\]) assessed by CMR according to fever onset after primary PCI. Secondary outcomes included extent of the area at risk (AAR; % of LV), myocardial salvage index (MSI), and microvascular obstruction (MVO) area (% of LV).

Data Collection and Definition {#jah32217-sec-0009}
------------------------------

Research coordinators of the dedicated registry prospectively recorded baseline characteristics, angiographic findings, and CMR data. Blood samples for N‐terminal pro B‐type natriuretic peptide and creatine kinase myocardial band were drawn from patients before primary PCI. Serum creatine kinase myocardial band levels were measured every 8 hours from the index procedure until peak values were confirmed (Figure [S1](#jah32217-sup-0001){ref-type="supplementary-material"}). Baseline left ventricular ejection fraction (LVEF; %) was measured by transthoracic echocardiography using Simpson\'s method just after primary PCI.[11](#jah32217-bib-0011){ref-type="ref"} Killip classification was determined upon arrival or before primary PCI.[12](#jah32217-bib-0012){ref-type="ref"} STEMI was defined as ST‐segment elevation of more than 1 mm in 2 or more contiguous leads or a presumably new‐onset left bundle branch block on ECG. Multivessel disease was defined as stenosis \>50% noted in more than 2 coronary arteries. Thrombolysis in myocardial infarction flow grade and myocardial blush grade were evaluated using the final angiogram, as defined previously.[13](#jah32217-bib-0013){ref-type="ref"} All baseline and procedural cine coronary angiograms were reviewed and quantitatively analyzed at the angiographic core laboratory of our institution.

CMR Imaging Analysis {#jah32217-sec-0010}
--------------------

All measurements were made at Samsung Medical Center‐CMR core laboratory using validated software (ARGUS; Siemens Medical System, Erlangen, Germany). Infarct size and extent of MVO were assessed on delayed enhanced images, whereas the AAR was measured on T2‐weighted images. Two experienced radiologists who were blinded to patient information performed measurements based on visual assessment. After acquiring short‐axis images at end‐diastole and end‐systole, endocardial borders were traced. The Simpson algorithm was then used to calculate LV end‐diastolic volume, LV end‐systolic volume, and LVEF. Infarct size was calculated from summation of the area with delayed hyperenhancement within each segment of the short‐axis images. This value was multiplied by slice thickness to cover the entire LV. Endocardial and epicardial borders were planimetered to calculate the myocardial area. They were then summed to calculate LV myocardial volume using the same method. Infarct size was expressed as percentage of affected LV myocardial volume. T2‐weighted images were used to determine the presence of hemorrhagic infarction.[14](#jah32217-bib-0014){ref-type="ref"} AAR was quantified on T2‐weighted images using a similar algorithm as above and was similarly expressed as percentage of LV myocardial volume affected. The MSI was computed as follows: MSI=(AAR−infarct size)/AAR×100.[15](#jah32217-bib-0015){ref-type="ref"}

Statistical Analysis {#jah32217-sec-0011}
--------------------

Continuous variables were summarized as mean±SD or median and interquartile range and were compared using independent *t* tests, Mann--Whitney U tests, or Wilcoxon rank‐sum tests. Categorical variables were described as numbers (n) with percentages (%), and differences were analyzed by Pearson χ^2^ or Fisher\'s exact tests. Multivariate logistic regression analysis was performed by a step‐wise backward selection process to determine the independent predictors of large myocardial infarcts (percent infarct volume \>median of infarct size in the present study) and lower MSI (MSI \<median of MSI). Clinical variables (postinfarct fever, age, sex, diabetes mellitus, Killip class ≥3 on admission, LVEF ≤40%, and use of aspirin post‐PCI) were included in regression models. Criteria for inclusion and exclusion of variables were set at 0.05 and 0.20, respectively. All tests were 2‐tailed, and *P*\<0.05 was considered statistically significant. Statistical analyses were performed with SAS software (version 9.2; SAS Institute Inc, Cary, NC).

Results {#jah32217-sec-0012}
=======

Baseline Clinical Characteristics {#jah32217-sec-0013}
---------------------------------

Within 96 hours of observation after primary PCI, median peak BT was 37.1°C. A total of 276 study patients were divided into those with fever (n=45; 16.3% of the study population) and those without fever (n=231; Figure [1](#jah32217-fig-0001){ref-type="fig"}). Compared with the no‐Fever group, the Fever group had greater prevalence of Killip class ≥3 on admission (*P*\<0.01) and lower baseline LVEF by transthoracic echocardiography (*P*\<0.01) and higher level of peak creatine kinase myocardial band (*P*=0.01), white blood cell count (*P*\<0.01), and C‐reactive protein (*P*\<0.01). In terms of concomitant medication after revascularization, statins were administered less frequently in the Fever group than in the no‐Fever group (*P*=0.03). The Fever group tended to have a higher incidence of diabetes mellitus and take aspirin less frequently than the no‐Fever group. Other demographic and clinical characteristics were not different between the 2 groups (Table [1](#jah32217-tbl-0001){ref-type="table-wrap"}).

###### 

Baseline Characteristics

                                                            Overall Population (n=276)   Fever (n=45)          No‐Fever (n=231)       *P* Value Fever vs No‐Fever
  --------------------------------------------------------- ---------------------------- --------------------- ---------------------- -----------------------------
  Age, y                                                    59.0 (50.0--67.0)            57.0 (48.8--67.5)     59.0 (51.0--67.5)      0.40
  Male                                                      225 (81.5)                   37 (82.2)             188 (81.4)             0.90
  BMI, kg/m²                                                24.6 (22.4--26.8)            24.8 (22.3--27.4)     24.5 (22.3--26.8)      0.62
  Peak body temperature, °C                                 37.1 (36.8--37.5)            38.0 (37.8--38.5)     37.0 (36.8--37.3)      \<0.01
  Current smoker                                            132 (47.8)                   20 (44.4)             112 (48.5)             0.62
  Hypertension                                              122 (44.2)                   22 (48.9)             100 (43.3)             0.49
  Diabetes mellitus                                         64 (23.2)                    15 (33.3)             49 (21.2)              0.08
  Dyslipidemia                                              49 (17.8)                    11 (24.4)             38 (16.5)              0.20
  Previous MI                                               12 (4.3)                     3 (6.7)               9 (3.9)                0.40
  Previous PCI                                              18 (6.5)                     4 (8.9)               14 (6.1)               0.48
  Previous CVA                                              8 (2.9)                      1 (2.2)               7 (3.0)                0.77
  Times, min                                                                                                                          
  Symptom onset‐to‐balloon time                             162.0 (102.0--287.0)         151.0 (99.5--280.5)   171.0 (102.0--293.0)   0.49
  Door‐to‐balloon time                                      67.0 (49.3--80.0)            66.0 (47.0--75.3)     67.0 (48.0--81.0)      0.28
  Killip class ≥3 on admission                              23 (8.3)                     13 (28.9)             10 (4.3)               \<0.01
  LVEF (%)                                                  54.0 (46.3--60.0)            47.2 (34.8--55.0)     55.0 (48.2--62.0)      \<0.01
  NT‐proBNP, pg/mL[a](#jah32217-note-0004){ref-type="fn"}   96.7 (34.8--340.4)           110.5 (39.1--833.6)   95.8 (34.0--303.3)     0.14
  White blood cell, ×10^3^/μL                               12.0 (9.5--14.2)             13.4 (11.9--16.5)     11.5 (9.2--14.0)       \<0.01
  C‐reactive protein, mg/L                                  1.1 (0.3--5.8)               9.5 (2.5--18.2)       0.8 (0.2--2.7)         \<0.01
  Peak CK‐MB, ng/mL                                         178.3 (73.9--285.4)          285.3 (65.1--421.6)   172.0 (85.8--273.2)    0.01
  Concomitant medications                                                                                                             
  Aspirin                                                   272 (98.6)                   43 (95.6)             229 (99.1)             0.07
  Clopidogrel                                               273 (98.9)                   44 (97.8)             229 (99.1)             0.42
  Statins                                                   263 (95.3)                   40 (88.9)             223 (96.5)             0.03
  Beta‐blockers                                             254 (92.0)                   39 (86.7)             215 (93.1)             0.15
  ACE inhibitors/ARB                                        229 (83.0)                   38 (84.4)             191 (82.7)             0.77

Data are presented as n (%) or median (interquartile range). ACE indicates angiotensin convoluting enzyme; ARB, angiotensin receptor blocker; BMI, body mass index; CK‐MB, creatine kinase‐myocardial band; CVA, cerebrovascular accident; LVEF, left ventricular ejection fraction; MI, myocardial infarction; NT‐proBNP, N‐terminal prohormone of brain natriuretic peptide; PCI, percutaneous coronary intervention.

Data of NT‐proBNP were available for 229 (83.0%) patients.

Angiographic and Procedural Characteristics {#jah32217-sec-0014}
-------------------------------------------

Angiographic and procedural findings showed no significant differences between Fever and no‐Fever groups (Table [2](#jah32217-tbl-0002){ref-type="table-wrap"}). The most common baseline thrombolysis in myocardial infarction flow grade was 0 in both groups, and baseline thrombolysis in myocardial infarction flows were not significantly different between the 2 groups. The most common infarct‐related artery was the left anterior descending artery in both groups, and the prevalence of each involved vessel was similar between the 2 groups. Prevalence of multivessel disease and collateral flow were also similar between the 2 groups. The number of implanted stents, stent diameter, and stent length did not differ between the Fever group and no‐Fever group. Angiographic no‐reflow, final thrombolysis in myocardial infarction grade 3 post‐PCI, and final myocardial blush grade were not different between the 2 groups (Table [2](#jah32217-tbl-0002){ref-type="table-wrap"}).

###### 

Angiographic and Procedural Characteristics

                                                                  Overall Population (n=276)   Fever (n=45)        No‐Fever (n=231)    *P* Value Fever vs No‐Fever
  --------------------------------------------------------------- ---------------------------- ------------------- ------------------- -----------------------------
  Infarct‐related artery                                                                                                               0.44
  LAD                                                             137 (49.6)                   25 (55.6)           112 (48.5)          
  LCx                                                             32 (11.6)                    5 (11.1)            27 (11.7)           
  RCA                                                             105 (38.0)                   14 (31.1)           91 (39.4)           
  Left main                                                       2 (0.7)                      1 (2.2)             1 (0.4)             
  Multi‐vessel disease                                            125 (45.3)                   25 (55.6)           100 (43.3)          0.13
  TIMI flow grade before PCI                                                                                                           0.35
  0                                                               209 (75.7)                   38 (84.4)           171 (74.0)          
  1                                                               17 (6.2)                     1 (2.2)             16 (6.9)            
  2                                                               26 (9.4)                     2 (4.4)             24 (10.4)           
  3                                                               24 (8.7)                     4 (8.9)             20 (8.7)            
  Presence of collateral flow                                     43 (15.6)                    8 (17.8)            35 (15.2)           0.66
  Final TIMI flow grade 3 post‐PCI                                261 (94.6)                   41 (91.1)           220 (95.2)          0.26
  Angiographic no reflow phenomenon                               17 (6.2)                     4 (8.9)             13 (5.6)            0.41
  Myocardial blush grade                                                                                                               0.19
  0                                                               0 (0)                        0 (0)               0 (0)               
  1                                                               2 (0.7)                      0 (0)               2 (0.9)             
  2                                                               20 (7.2)                     6 (13.3)            14 (6.1)            
  3                                                               254 (92.0)                   39 (86.7)           215 (93.1)          
  Aspiration thrombectomy                                         179 (64.9)                   31 (68.9)           148 (64.1)          0.54
  Use of GPIIb/IIIa inhibitor                                     49 (17.8)                    10 (22.2)           39 (16.9)           0.39
  PCI using stent                                                 256 (92.8)                   41 (91.1)           215 (93.1)          0.64
  No. of implanted stent[a](#jah32217-note-0006){ref-type="fn"}   1.2±0.6                      1.1±0.4             1.3±0.6             0.14
  Stent diameter, mm[a](#jah32217-note-0006){ref-type="fn"}       3.0 (2.8--3.5)               3.0 (2.8--3.5)      3.0 (2.9--3.5)      0.18
  Stent length, mm[a](#jah32217-note-0006){ref-type="fn"}         24.0 (22.0--30.0)            24.0 (18.0--28.0)   24.0 (22.0--30.0)   0.20

Data are presented as n (%), mean±SD, or median (interquartile range). GP indicates glycoprotein; LAD, left anterior descending artery; LCx, left circumflex artery; PCI, percutaneous coronary intervention; RCA, right coronary artery; TIMI, thrombolysis in myocardial infarction.

Data of number of implanted stent, stent diameter, or stent length were available for 256 (92.8%) patients.

Analysis of CMR Findings {#jah32217-sec-0015}
------------------------

CMR was performed a median of 3.4 days (interquartile range, 2.8--4.5) after the index procedure, and intervals from primary PCI to CMR were not different between the 2 groups. Myocardial infarct size was significantly larger in the Fever group compared with the no‐Fever group (25.6% \[19.7--32.4\] versus 17.2% \[11.8--25.4\]; *P*\<0.01). Extent of AAR (43.7% \[31.9--54.9\] versus 35.3% \[24.0--43.7\]; *P*\<0.01) and MVO area (4.4% \[0--13.2\] versus 1.2% \[0.0--5.1\]; *P*=0.02) were also greater in the Fever group than in the no‐Fever group. MSI tended to be lower in the Fever group compared to the no‐Fever group (37.7 \[28.5--56.1\] versus 47.0 \[34.1--56.8\]; *P*=0.13; Figure [2](#jah32217-fig-0002){ref-type="fig"}). LVEF and LV stroke volume were lower, but LV systolic volume was greater in the Fever group compared with the no‐Fever group. LV end‐diastolic volume tended to be greater in the Fever group compared with the no‐Fever group, but differences were minor (Table [3](#jah32217-tbl-0003){ref-type="table-wrap"}).

![Cardiac magnetic resonance findings according to the presence of postinfarct fever. Boxplots shows cardiac magnetic resonance data according to the presence of postinfarct fever and (A) myocardial infarct size, (B) extent of AAR, (C) MSI, and (D) MVO area. AAR indicates area at risk; LV, left ventricle; MSI, myocardial salvage index; MVO, microvascular obstruction.](JAH3-6-e005687-g002){#jah32217-fig-0002}

###### 

Analysis of CMR Findings

                                       Overall Population (n=276)   Fever (n=45)           No‐Fever (n=231)       *P* Value Fever vs No‐Fever
  ------------------------------------ ---------------------------- ---------------------- ---------------------- -----------------------------
  Myocardial infarct size (%, of LV)   19.7 (12.4--27.9)            25.6 (19.7--32.4)      17.2 (11.8--25.4)      \<0.01
  Area at risk (%, of LV)              35.3 (25.6--44.7)            43.7 (31.9--54.9)      35.3 (24.0--43.7)      \<0.01
  Myocardial salvage index             44.8 (30.1--56.4)            37.7 (28.5--56.1)      47.0 (34.1--56.8)      0.13
  MVO area (%, of LV)                  1.8 (0.0--6.0)               4.4 (0.0--13.2)        1.2 (0.0--5.1)         0.02
  Hemorrhagic infarction               121 (43.8)                   22 (48.9)              99 (42.9)              0.46
  LV end‐diastolic volume, mL          142.7 (122.4--163.0)         146.8 (128.6--173.3)   142.0 (122.9--161.8)   0.10
  LV end‐systolic volume, mL           65.9 (50.0--81.4)            79.7 (60.3--97.5)      64.8 (49.5--79.7)      \<0.01
  LV mass, g                           105.4 (94.0--123.1)          104.5 (92.8--117.4)    105.5 (94.2--123.8)    0.86
  LV ejection fraction (%)             53.8 (46.3--60.8)            47.3 (40.1--55.2)      54.3 (47.0--61.1)      \<0.01
  LV stroke volume, mL                 73.3 (63.4--85.5)            67.9 (61.9--73.8)      75.6 (64.4--86.4)      \<0.01
  LV cardiac output, L/min             5.0 (4.4--5.8)               5.1 (4.5--5.9)         5.0 (4.4--5.8)         0.48

Data are presented as n (%) or median (interquartile range). CMR indicates cardiac magnetic resonance; LV, left ventricle (‐ular); MVO, microvascular obstruction.

Predictors of Advanced Myocardial Injury in Patients Treated With PCI for STEMI {#jah32217-sec-0016}
-------------------------------------------------------------------------------

In multivariable logistic regression analysis, independent predictors of large myocardial infarct (percent infarct volume of LV ≥20%) included postinfarct fever (odds ratio \[OR\], 3.48; 95% CI, 1.71--7.07; *P*\<0.01), Killip class ≥3 on admission (OR, 2.57; 95% CI, 1.02--6.47; *P*=0.04), and LVEF ≤40% (OR, 4.01; 95% CI, 1.82‐ 8.84, *P*\<0.01). Postinfarct fever was the only significant independent predictor of lower MSI (MSI \<44; OR, 2.10; 95% CI, 1.01--4.08; *P*=0.03). Male patients (OR, 1.79; 95% CI, 0.96--3.35; *P*=0.07) and leukocytosis (OR, 1.46; 95% CI, 0.90--2.38; *P*=0.12) tended to have larger myocardial infarcts, but these differences were not statistically significant (Table [4](#jah32217-tbl-0004){ref-type="table-wrap"}).

###### 

Predictors of Advanced Myocardial Injury in Patients Treated With PCI for STEMI

                                                                         Odds Ratio   95% CI         *P* Value
  ---------------------------------------------------------------------- ------------ -------------- -----------
  Predictor of larger myocardial infarct (percent infarct volume ≥20%)                               
  Postinfarct fever                                                      3.48         1.71 to 7.07   \<0.01
  Age ≥65 y                                                              1.03         0.62 to 1.71   0.90
  Male                                                                   1.79         0.96 to 3.35   0.07
  Diabetes mellitus                                                      1.35         0.77 to 2.37   0.29
  Killip class ≥3 on admission                                           2.57         1.02 to 6.47   0.04
  LVEF ≤40%                                                              4.01         1.82 to 8.84   \<0.01
  Leukocytosis[a](#jah32217-note-0009){ref-type="fn"}                    1.46         0.90 to 2.38   0.12
  TIMI flow ≥2 pre‐PCI                                                   0.92         0.57 to 1.50   0.75
  Multivessel disease                                                    1.20         0.75 to 1.93   0.45
  Use of aspirin after primary PCI                                       0.96         0.13 to 6.89   0.97
  Predictor of lower MSI (MSI \<44)                                                                  
  Postinfarct fever                                                      2.10         1.01 to 4.08   0.03
  Age ≥65 yr                                                             1.15         0.70 to 1.91   0.58
  Male                                                                   1.23         0.67 to 2.26   0.51
  Diabetes mellitus                                                      1.33         0.76 to 2.33   0.32
  Killip class ≥3 on admission                                           1.14         0.48 to 2.67   0.77
  LVEF ≤40%                                                              1.40         0.70 to 2.79   0.34
  Leukocytosis[a](#jah32217-note-0009){ref-type="fn"}                    1.08         0.67 to 1.75   0.75
  TIMI flow ≥2 pre‐PCI                                                   0.65         0.35 to 1.21   0.18
  Multivessel disease                                                    1.29         0.81 to 2.01   0.29
  Use of aspirin after primary PCI                                       0.97         0.14 to 6.99   0.98

CI indicates confidence interval; LVEF indicates left ventricular ejection fraction; MSI, myocardial salvage index; PCI, percutaneous coronary intervention; STEMI, ST‐segment elevation myocardial infarction; TIMI, thrombolysis in myocardial infarction; WBC, white blood cell count.

Leukocytosis was defined as WBC ≥11.0×10^3^/μL.

Subanalysis of Patients With Postinfarct Fever {#jah32217-sec-0017}
----------------------------------------------

Of 45 patients with postinfarct fever, median peak BT was 38.0°C (37.8--38.5°C). Sixteen patients (35.6% of the Fever group) developed a peak fever within the first 24 hours after admission, 23 (51.1%) developed a peak fever on the second day, 4 (8.9%) developed a peak fever on the third day, and 2 (4.4%) developed a peak fever on the fourth day. Twenty‐three patients (51.1% of the Fever group) had a peak fever of 37.7°C to 38.0°C, 14 (31.1%) had a peak fever of 38.1°C to 38.5°C, and 8 (17.8%) had a peak fever of \>38.5°C (Figure [3](#jah32217-fig-0003){ref-type="fig"}). The CMR analysis of patients with postinfarct fever was also evaluated according to onset time of fever and degree of fever. The early‐onset fever group (n=16; patients with peak fever within 24 hours after the index procedure; 35.6% of the Fever group) had no differences in myocardial infarct size, AAR, and MSI compared with the late‐onset fever group. Patients with high‐degree fever (n=22; patients with peak BT \>38.0°C; 48.9% of Fever group) tended to have lager myocardial infarct size (30.6 \[21.1--36.2\] versus 22.9 \[17.6--30.2\]; *P*=0.09) and extent of AAR (45.6 \[36.6--55.6\] versus 33.6 \[29.5--48.0\]; *P*=0.11) compared with patients with low‐degree fever, but the differences were not significant. Both subgroups had similar MSI and MVO area (Table [5](#jah32217-tbl-0005){ref-type="table-wrap"}).

![Cardiac magnetic resonance findings according to peak body temperature in patients with postinfarct fever. Scatter plot shows analyzed data of cardiac magnetic resonance according to peak body temperature (°C), (A) myocardial infarct size (%, of LV), (B) area at risk (%, of LV), (C) myocardial salvage index, and (D) MVO area (%, of LV), respectively. LV indicates left ventricle (‐ular); MVO, microvascular obstruction.](JAH3-6-e005687-g003){#jah32217-fig-0003}

###### 

CMR Outcome in Patients With Postinfarct Fever (n=45)

                                       Overall Population (n=45)   Early‐Onset Fever[a](#jah32217-note-0011){ref-type="fn"} (n=16)   Late‐Onset Fever (n=29)   *P* Value
  ------------------------------------ --------------------------- ----------------------------------------------------------------- ------------------------- -----------
  Myocardial infarct size (%, of LV)   25.6 (19.7--32.7)           21.8 (15.7--30.7)                                                 27.7 (20.3--32.7)         0.18
  Area at risk (%, of LV)              43.7 (31.4--54.9)           42.2 (30.4--54.0)                                                 44.2 (31.8--54.9)         0.72
  Myocardial salvage index             36.4 (26.3--56.1)           42.5 (31.3--58.2)                                                 33.9 (25.4--44.7)         0.20
  MVO area (%, of LV)                  5.2 (0.0--13.2)             8.1 (0.0--12.2)                                                   4.4 (0.0--13.2)           0.57

                                       Overall Population (n=45)   High‐Degree Fever[b](#jah32217-note-0012){ref-type="fn"} (n=22)   Low‐Degree Fever (n=23)   *P* Value
  ------------------------------------ --------------------------- ----------------------------------------------------------------- ------------------------- -----------
  Myocardial infarct size (%, of LV)   25.6 (19.7--32.7)           30.6 (21.1--36.2)                                                 22.9 (17.6--30.2)         0.09
  Area at risk (%, of LV)              43.7 (31.4--54.9)           45.6 (36.6--55.6)                                                 33.6 (29.5--48.0)         0.11
  Myocardial salvage index             36.4 (26.3--56.1)           36.0 (25.4--43.6)                                                 41.3 (27.1--58.2)         0.31
  MVO area (%, of LV)                  5.2 (0.0--13.2)             3.9 (0.0--10.6)                                                   5.5 (0.0--13.5)           0.55

Data are presented as n (%) or median (interquartile range). BT indicates body temperature; CMR, cardiac magnetic resonance imaging; LV, left ventricle (‐ular); MVO, microvascular obstruction; PCI, percutaneous coronary intervention.

Early‐onset fever was defined as the occurrence of fever within 24 hours after primary PCI.

High‐degree fever was defined as BT over 38.0°C.

Discussion {#jah32217-sec-0018}
==========

The association between postinfarct fever after primary PCI and myocardial injury was investigated in patients with STEMI using CMR markers of myocardial and microvascular damage. The main finding of this study is that in STEMI patients undergoing primary PCI, postinfarct fever is associated with greater myocardial infarct size, AAR, and MVO area assessed by CMR. In multivariate analysis, postinfarct fever was associated with larger myocardial infarct and less salvaged myocardium. To the best of our knowledge, this is the first study to evaluate the clinical significance of postinfarct fever on myocardial injury assessed by CMR data in STEMI patients. Our findings correspond well with those of earlier studies that established an association between postinfarct fever and adverse clinical outcomes.[4](#jah32217-bib-0004){ref-type="ref"} Therefore, the results of the present study may provide the causality and pathological mechanisms for the association of adverse clinical outcomes associated with postinfarct fever.

In the past, fever in patients with AMI was recognized as a nonspecific inflammatory response resulting from myocardial tissue necrosis.[1](#jah32217-bib-0001){ref-type="ref"} However, many reports have suggested that fever post‐AMI has another underlying mechanism where there is an association with adverse clinical outcomes.[2](#jah32217-bib-0002){ref-type="ref"}, [3](#jah32217-bib-0003){ref-type="ref"}, [5](#jah32217-bib-0005){ref-type="ref"}, [6](#jah32217-bib-0006){ref-type="ref"} Recently, Cho et al[4](#jah32217-bib-0004){ref-type="ref"} reported that fever predicts adverse clinical outcomes in patients with STEMI, although they could not elucidate an underlying mechanism. CMR can be used to assess almost all relevant prognostic pathophysiological consequences of myocardial ischemia and reperfusion post‐STEMI.[16](#jah32217-bib-0016){ref-type="ref"}, [17](#jah32217-bib-0017){ref-type="ref"} CMR is uniquely positioned to comprehensively evaluate the morphological, functional, and microvascular sequelae of postinfarct patients.[8](#jah32217-bib-0008){ref-type="ref"} We evaluated the association of fever after revascularization and prognostic pathophysiology of myocardial ischemia in STEMI patients using CMR data and identified that fever after primary PCI was associated with extensive myocardial and microvascular damage. Our results provide substantial support that fever post‐AMI is a reasonably accurate surrogate for advanced myocardial injury in patients with STEMI. The results also explain the higher incidence of adverse clinical outcomes reported by Cho et al.[4](#jah32217-bib-0004){ref-type="ref"}

Despite successful revascularization, fever after revascularization in patients with STEMI may be associated with advanced myocardial injury. Multivariate analysis showed that postinfarct fever predicted larger myocardial infarct size and lower MSI. There are several possible explanations for these results. First, postinfarct fever could impair cardiovascular function by increasing myocardial oxygen requirements, possibly predisposing to infarct extension or arrhythmias.[18](#jah32217-bib-0018){ref-type="ref"} Second, increased BT post‐AMI may be associated with infarct expansion, suggesting a relationship between the systemic inflammatory response and LV remodeling.[5](#jah32217-bib-0005){ref-type="ref"} Myocardial necrosis induces infiltration of inflammatory cells, including neutrophils, monocytes, and macrophages. These cells lead to synthesis of various cytokines, including interleukin‐1, interleukin‐6, interleukin‐8, tumor necrosis factor‐α, and interferon‐γ, which act as endogenous pyrogens. These cytokines are released into the systemic circulation and transported to the preoptic‐anterior hypothalamic area, the brain region where BT is regulated. Prostaglandin E2 induced by these cytokines plays an essential role in the preoptic‐anterior hypothalamic area and the development of fever. An inflammatory reaction post‐AMI is a prerequisite for healing and scar formation. However, defective infarct healing caused by excessive inflammation, as well as large infarct size and wall stress, is a major determinant of infarct expansion.[19](#jah32217-bib-0019){ref-type="ref"} The vulnerable myocardium, which consists of necrotic myocardium and inflammatory cells, is susceptible to wall stress, resulting in infarct expansion and LV remodeling. Alternatively, increased BT may augment the inflammatory response to myocardial necrosis, because increased temperature is known to activate host immune function.[5](#jah32217-bib-0005){ref-type="ref"} Third, fever itself could trigger atherothrombotic events by activating the immune system and coagulation factors predisposing patients to stent thrombosis.[4](#jah32217-bib-0004){ref-type="ref"} Last, fever is simply a marker for larger infarct size and not a cause, and postinfarct fever may result from the substantial inflammation that occurs with the larger myocardial infarction.

Our findings suggest that postinfarct fever should be understood not only as a phenomenon secondary to myocardial necrosis, but also as a predictor of larger infarct size and lower MSI. BT is one of the most precise and frequently performed clinical examinations on patients. Because postinfarct fever might be deleterious to the jeopardized myocardium, close monitoring and appropriate treatment of postinfarct fever may reduce expansion of myocardial damage and adverse clinical outcomes. However, it should be noted that these are hypothesis‐generating findings. The potential therapeutic implications of these findings deserve further investigation.

A subanalysis of CMR data was conducted according to features of postinfarct fever, such as degree of fever and onset time of fever. Interestingly, patients with a high‐degree fever tended to have greater myocardial infarct size and AAR compared to patients with a low‐degree fever. Because high‐degree fever represents more‐active inflammation that could play an important role in the immune response that mediates atherosclerosis,[20](#jah32217-bib-0020){ref-type="ref"} more‐active inflammation in patients with high‐degree fever might result in larger myocardial infarction. In addition, we found that the extent of myocardial injury had no relationship with the onset time of postinfarct fever. In the present study, myocardial infarct size, AAR, MSI, and MVO assessed by CMR were similar regardless of the onset time of postinfarct fever. Fever onset time was not related to degree of fever or level of serum inflammatory markers in our study, and it could make similar inflammatory activity or advancements of myocardial injury.

Study Limitations {#jah32217-sec-0019}
-----------------

This study has several limitations. First, its design was nonrandomized, prospective, and observational, which may have significantly affected results attributed to confounding factors. Second, the impact of postinfarct fever on assessment of outcomes was not assessed in this study. Third, a patient undergoing CMR may be clinical stable with modest myocardial injury. Because only patients available for CMR were included, the sample size of our study was small and it may limit our study results. Fourth, we measured BT using an infrared ear thermometer on admission, and if BT was above 37.5°C, axillary BT was measured again using a mercury thermometer. They may differ a little from central BT. Additionally, in the present study, we decided the definition of fever based on previous studies about clinical meanings of postinfarct fever, although there are several definitions on fever in the real‐world practice.[4](#jah32217-bib-0004){ref-type="ref"}, [5](#jah32217-bib-0005){ref-type="ref"} Thus, the statistical association of postinfarct fever with findings on CMR may have a little change according to various definitions of fever. Finally, although various examinations were performed to exclude infection, there is a chance that patients with unidentified subclinical infection were included in the study. Noninfectious causes of fever, such as vasculitis, deep vein thrombosis, medication side effects, and cancer, were also not fully evaluated.

Conclusions {#jah32217-sec-0020}
===========

Postinfarct fever is developed in one sixth of STEMI patients undergoing primary PCI. It is associated with lager extent of myocardial edema, less myocardial salvage, and greater myocardial infarct size, as assessed by CMR. Further investigation with potential therapeutic implications of these findings should be considered.
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**Figure S1.** Peak CK‐MB according to peak body temperature in STEMI patients undergoing primary PCI.
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Click here for additional data file.
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